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GIANT MAGNETORESISTIVE SENSOR 
WITH A PTMNX PINNING LAYER AND A 

NIFECR SEED LAYER 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of application 
Ser. No. 09/380,435, ?led Sep. 1, 1999, entitled “Giant 
Magnetoresistive Sensor With a PTMN (Cr or Pd) Pinning 
Layer and a NiFeCr Seed Layer, Which claims priority from 
Provisional Application No. 60/131,567, ?led Apr. 28, 1999. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a giant magne 
toresistive sensor for use in a magnetic read head. In 
particular, the present invention relates to a giant magne 
toresistive read sensor having improved thermal and mag 
netic stability. 

Giant magnetoresistive (GMR) read sensors are used in 
magnetic data storage systems to detect magnetically 
encoded information stored on a magnetic data storage 
medium such as a magnetic disc. A time-dependent mag 
netic ?eld from a magnetic medium directly modulates the 
resistivity of the GMR read sensor. Achange in resistance of 
the GMR read sensor can be detected by passing a sense 
current through the GMR read sensor and measuring the 
voltage across the GMR read sensor. The resulting signal 
can be used to recover the encoded information from the 
magnetic medium. 

Atypical GMR read sensor con?guration is the GMR spin 
valve, in Which the GMR read sensor is a multi-layered 
structure formed of a nonmagnetic spacer layer positioned 
betWeen a ferromagnetic pinned layer and a ferromagnetic 
free layer. The magnetiZation of the pinned layer is ?xed in 
a predetermined direction, typically normal to an air bearing 
surface of the GMR read sensor, While the magnetiZation of 
the free layer rotates freely in response to an external 
magnetic ?eld. The resistance of the GMR read sensor varies 
as a function of an angle formed betWeen the magnetiZation 
direction of the free layer and the magnetiZation direction of 
the pinned layer. This multi-layered spin valve con?guration 
alloWs for a more pronounced magnetoresistive effect, i.e. 
greater sensitivity and higher total change in resistance, than 
is possible With anisotropic magnetoresistive (AMR) read 
sensors, Which generally consist of a single ferromagnetic 
layer. 
A pinning layer is typically exchange coupled to the 

pinned layer to ?x the magnetiZation of the pinned layer in 
a predetermined direction. The pinning layer is typically 
formed of an antiferromagnetic material. In antiferromag 
netic materials, the magnetic moments of adjacent atoms 
point in opposite directions and, thus, there is no net 
magnetic moment in the material. 
A seed layer is typically used to promote the texture and 

enhance the grain groWth of the free layer or pinning layer 
consequently groWn on top of it. The seed layer material is 
chosen such that its atomic structure, or arrangement, cor 
responds With the preferred crystallographic direction of the 
magnetiZation of the free layer or pinning layer material. 

Principal concerns in the performance of GMR read 
sensors are the thermal and magnetic stability of the GMR 
read sensor. When the pinning layer is exchange coupled to 
the pinned layer during manufacturing, the GMR read 
sensor must not experience diffusion betWeen thin layers in 
the GMR read sensor. After the pinning layer is exchange 
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2 
coupled to the pinned layer to ?x the magnetiZation of the 
pinned layer in a predetermined direction, a suf?cient 
exchange coupling ?eld, or pinning ?eld, is required to keep 
the magnetiZation of the pinned layer unchanged during the 
operation of the GMR read sensor. 
Key determinants of the thermal and magnetic stability of 

the GMR read sensor are the materials used as the pinning 
layer and as the seed layer in the GMR read sensor. The 
annealing temperature of the pinning layer material is the 
temperature at Which the pinning and pinned layers are 
exchange coupled during manufacturing. It is desirable for 
the pinning layer material to have a loW annealing tempera 
ture to control magnetic behavior and prevent diffusion 
betWeen thin layers in the GMR spin valve. The blocking 
temperature of the pinning layer material is the temperature 
at Which the exchange coupling disappears. It is desirable for 
the pinning layer material to have a high blocking tempera 
ture to prevent the magnetiZation of the pinned layer from 
changing during the operation of the GMR read sensor. Also, 
the seed layer material affects the strength of the exchange 
coupling ?eld, or pinning strength. It is desirable for the seed 
layer material/pinning layer material combination to have a 
high pinning strength to keep the magnetiZation of the 
pinned layer unchanged. 

Accordingly, there is a need for a pinning layer material 
With a high blocking temperature and a loW annealing 
temperature, and for a seed layer material that, When used 
With the pinning layer material, produces a high pinning 
strength. 

BRIEF SUMMARY OF THE INVENTION 

The present invention is a giant magnetoresistive stack for 
use in a magnetic read head. The giant magnetoresistive 
stack includes a NiFeCr seed layer, a ferromagnetic free 
layer, at least one nonmagnetic spacer layer, at least one 
ferromagnetic pinned layer, and at least one PtMnX pinning 
layer, Where X is selected from the group consisting of Cr, 
Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, Ni, Co, and Fe. The free 
layer has a rotatable magnetic moment. The pinned layer has 
a ?xed magnetic moment and is positioned adjacent to the 
PtMnX pinning layer. The spacer layer is positioned 
betWeen the free layer and the pinned layer. The NiFeCr seed 
layer is positioned adjacent to either the free layer or the 
pinning layer. 

In a ?rst preferred embodiment, the seed layer is adjacent 
to the free layer, the free layer is a NiFe/CoFe bilayer, the 
spacer layer is formed of copper, the pinned layer is formed 
of CoFe, and the pinning layer is formed of PtMnX. 

In a second preferred embodiment, the seed layer is 
adjacent to the free layer, the free layer is a NiFe/CoFe 
bilayer, the spacer layer is formed of copper, the pinned 
layer is a CoFe/Ru/CoFe synthetic antiferromagnet, and the 
pinning layer is formed of PtMnX. 

In a third preferred embodiment, the seed layer is a 
NiFeCr/NiFe bilayer and is adjacent to the pinning layer, the 
pinning layer is formed of PtMnX, the pinned layer is 
formed of CoFe, the spacer layer is formed of copper, and 
the free layer is a CoFe/NiFe bilayer. 

In a fourth preferred embodiment, the seed layer is a 
NiFeCr/NiFe bilayer and is adjacent to the ?rst pinning 
layer, the ?rst pinning layer is formed of PtMnX, the ?rst 
pinned layer is a CoFe/Ru/CoFe synthetic antiferromagnet, 
the ?rst spacer layer is formed of copper, the free layer is 
formed of CoFe, the second spacer layer is formed of copper, 
the second pinned layer is a CoFe/Ru/CoFe synthetic 
antiferromagnet, and the second pinning layer is formed of 
PtMnX. 
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In a ?fth preferred embodiment, the seed layer is a 
NiFeCr/NiFe bilayer and is adjacent to the ?rst pinning 
layer, the ?rst pinning layer is formed of PtMnX, the ?rst 
pinned layer is a CoFe/Ru/CoFe synthetic antiferromagnet, 
the ?rst spacer layer is formed of copper, the free layer is a 
CoFe/NiFe/CoFe trilayer, the second spacer layer is formed 
of copper, the second pinned layer is a CoFe/Ru/CoFe 
synthetic antiferromagnet, and the second pinning layer is 
formed of PtMnX. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a layer diagram of a ?rst embodiment of a giant 
magnetoresistive stack of the present invention. 

FIG. 2 is a layer diagram of a second embodiment of a 
giant magnetoresistive stack of the present invention. 

FIG. 3 is a layer diagram of a third embodiment of a giant 
magnetoresistive stack of the present invention. 

FIG. 4 is a layer diagram of a fourth embodiment of a 
giant magnetoresistive stack of the present invention. 

FIG. 5 is a layer diagram of a ?fth embodiment of a giant 
magnetoresistive stack of the present invention. 

FIG. 6 is a graph of the blocking temperature measure 
ment of a PtnX pinning layer. 

FIG. 7 is a graph of the pinning strength measurement of 
the ?rst embodiment of a giant magnetoresistive stack of the 
present invention. 

FIG. 8 is a graph of the GMR response of the second 
embodiment of a giant magnetoresistive stack of the present 
invention. 

FIG. 9 is a graph of the GMR response of the third 
embodiment of a giant magnetoresistive stack of the present 
invention. 

FIG. 10 is a graph of the GMR response of the ?fth 
embodiment of a giant magnetoresistive stack of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention is a giant magnetoresistive (GMR) 
spin valve utiliZing a novel combination of both a NiFeCr 
seed layer and a PtMnX pinning layer, Where X is selected 
from the group consisting of Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, 
Zr, Hf, Ni, Co, and Fe, to alloW for an increased GMR 
response and improved thermal and magnetic stability. 

This novel combination of seed layer material and pinning 
layer material has been shoWn to improve the GMR 
response of several con?gurations of GMR spin valves, 
including top spin valves, bottom spin valves, and dual spin 
valves. A top spin valve is a spin valve in Which the free 
layer is deposited prior to the deposition of the pinned layer. 
Conversely, a bottom spin valve is a spin valve in Which the 
pinned layer is deposited prior to the deposition of the free 
layer. Finally, a dual spin valve is a spin valve having tWo 
pinned layers separated by a single free layer. 

In each of the top spin valve, bottom spin valve, and dual 
spin valve con?gurations, each of the pinned and free layers 
may be formed of a single layer of ferromagnetic material, 
or of several layers. Generally, multiple layer pinned and 
free layers Will yield a higher GMR response. 

The folloWing discussion illustrates tWo embodiments of 
a top spin valve, one embodiment of a bottom spin valve, 
and tWo embodiments of a dual spin valve. The examples 
shoWn are merely meant to be illustrative, and the present 
invention is not intended to be limited to the speci?c 
embodiments shoWn. 
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4 
FIG. 1 is a layer diagram of a ?rst embodiment of a GMR 

stack 10 of the present invention, Where GMR stack 10 is 
con?gured as a top spin valve. GMR stack 10 includes a seed 
layer 12, a free layer 14, a spacer layer 16, a pinned layer 18, 
and a pinning layer 20. 

Seed layer 12 is NiFeCr. Free layer 14 includes a ?rst 
ferromagnetic layer 22, preferably NiFe, and a second 
ferromagnetic layer 24, preferably CoFe, and is positioned 
such that ?rst ferromagnetic layer 22 is adjacent to seed 
layer 12. Pinned layer 18 is a ferromagnetic material, 
preferably CoFe, and is positioned adjacent to pinning layer 
20. Pinning layer 20 is PtMnX, Where X is selected from the 
group consisting of Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, 
Ni, Co, and Fe. Spacer layer 16 is a nonmagnetic material, 
preferably copper, and is positioned betWeen free layer 14 
and pinned layer 18. 
The magnetiZation of pinned layer 18 is ?xed in a 

predetermined direction While the magnetiZation of free 
layer 14 rotates freely in response to an external magnetic 
?eld emanating from a magnetic medium. The magnetiZa 
tion of pinned layer 18 is pinned by exchange coupling 
pinning layer 20 With pinned layer 18. Pinning layer 20 
preferably has a blocking temperature of about 380° C. and 
an annealing temperature of about 270° C. The atomic 
structure of seed layer 12 is preferably face-centered cubic 
(fcc) to promote the [111] crystallographic texture and 
enhance the grain groWth of free layer 14. The resistance of 
GMR stack 10 varies as a function of an angle that is formed 
betWeen the magnetiZation of free layer 14 and the magne 
tiZation of pinned layer 18. 
The composition of seed layer 12 is preferably in the 

range of about Ni(60)Fe(15)Cr(25) to about Ni(48)Fe(12) 
Cr(40), and more preferably approximately Ni(48)Fe(12)Cr 
(40), Where the numbers in parentheses represent atomic 
percentage. The thickness of seed layer 12 is preferably in 
the range of about 20 A to about 60 A, and more preferably 
in the range of about 45 A to about 50 
The composition of ?rst ferromagnetic layer 22 of free 

layer 14 is preferably in the range of about Ni(85)Fe(15) to 
about Ni(80.5)Fe(19.5), and more preferably approximately 
Ni(82)Fe(18). The thickness of ?rst ferromagnetic layer 22 
of free layer 14 is preferably in the range of about 20 A to 
about 100 A, and more preferably approximately 30 The 
composition of second ferromagnetic layer 24 of free layer 
14 is preferably approximately Co(90)Fe(10). The thickness 
of second ferromagnetic layer 24 of free layer 14 is prefer 
ably in the range of about 5 A to about 25 A, and more 
preferably approximately 13 

The thickness of spacer layer 16 is preferably in the range 
of about 20 A to about 35 A, and more preferably approxi 
mately 24 
The composition of pinned layer 18 is preferably approxi 

mately Co(90)Fe(10). The thickness of pinned layer 18 is 
preferably in the range of about 18 A to about 30 A, and 
more preferably approximately 25 
The composition of pinning layer 20 When PtMnCr is 

used is preferably in the range of about Pt(36)Mn(64)Cr(>0) 
to about Pt(48)Mn(51)Cr(1), and more preferably approxi 
mately Pt(44)Mn(55.5)Cr(0.5). The thickness of pinning 
layer 20 in this case is preferably in the range of about 100 
A to about 300 A, and more preferably approximately 200 
A. The composition of pinning layer 20 When PtMnPd is 
used is preferably in the range of about Pt(15)Mn(50)Pd(35) 
to about Pt(25)Mn(50)Pd(25), and more preferably approxi 
mately Pt(20)Mn(50)Pd(30). The thickness of pinning layer 
20 in this case is preferably in the range of about 150 A to 
about 300 A, and more preferably approximately 250 
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FIG. 2 is a layer diagram of a second embodiment of a 
GMR stack 30 of the present invention, Where GMR stack 
30 is con?gured as a top spin valve. GMR stack 30 includes 
a seed layer 32, a free layer 34, a spacer layer 36, a pinned 
layer 38, and a pinning layer 40. GMR stack 30 is similar to 
GMR stack 10 of FIG. 1, except that pinned layer 38 of 
GMR stack 30 is a synthetic antiferromagnet, While pinned 
layer 18 of GMR stack 10 is a single ferromagnetic layer. 

Seed layer 32 is NiFeCr. Free layer 34 includes a ?rst 
ferromagnetic layer 42, preferably NiFe, and a second 
ferromagnetic layer 44, preferably CoFe, and is positioned 
such that ?rst ferromagnetic layer 42 is adjacent to seed 
layer 32. Pinned layer 38 is a synthetic antiferromagnet and 
includes ?rst and second ferromagnetic layers 46 and 50, 
both preferably CoFe, and a coupling layer 48, preferably 
ruthenium, positioned betWeen ?rst and second ferromag 
netic layers 46 and 50, and is positioned such that second 
ferromagnetic layer 50 is adjacent to pinning layer 40. 
Pinning layer 40 is PtMnX, Where X is selected from the 
group consisting of Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, 
Ni, Co, and Fe. Spacer layer 36 is a nonmagnetic material, 
preferably copper, and is positioned betWeen free layer 34 
and pinned layer 38. 

The magnetiZation of pinned layer 38 is ?xed in a 
predetermined direction While the magnetiZation of free 
layer 34 rotates freely in response to an external magnetic 
?eld emanating from a magnetic medium. The magnetiZa 
tion of pinned layer 38 is pinned by exchange coupling 
pinning layer 40 With pinned layer 38. Pinning layer 40 
preferably has a blocking temperature of about 380° C. and 
an annealing temperature of about 270° C. The atomic 
structure of seed layer 32 is preferably face-centered cubic 
(fcc) to promote the [111] crystallographic texture and 
enhance the grain groWth of free layer 34. The resistance of 
GMR stack 30 varies as a function of an angle that is formed 
betWeen the magnetiZation of free layer 34 and the magne 
tiZation of pinned layer 38. 

The composition of seed layer 32 is preferably in the 
range of about Ni(60)Fe(15)Cr(25) to about Ni(48)Fe(12) 
Cr(40), and more preferably approximately Ni(48)Fe(12)Cr 
(40). The thickness of seed layer 32 is preferably in the range 
of about 20 A to about 60 A, and more preferably in the 
range of about 45 A to about 50 

The composition of ?rst ferromagnetic layer 42 of free 
layer 34 is preferably in the range of about Ni(85)Fe(15) to 
about Ni(80.5)Fe(19.5), and more preferably approximately 
Ni(82)Fe(18). The thickness of ?rst ferromagnetic layer 42 
of free layer 34 is preferably in the range of about 20 A to 
about 100 A, and more preferably approximately 30 The 
composition of second ferromagnetic layer 44 of free layer 
34 is preferably approximately Co(90)Fe(10). The thickness 
of second ferromagnetic layer 44 of free layer 34 is prefer 
ably in the range of about 5 A to about 25 A, and more 
preferably approximately 13 

The thickness of spacer layer 36 is preferably in the range 
of about 20 A to about 35 A, and more preferably approxi 
mately 24 

The compositions of ?rst and second ferromagnetic layers 
46 and 50 of pinned layer 38 are both preferably approxi 
mately Co(90)Fe(10). The thicknesses of ?rst and second 
ferromagnetic layers 46 and 50 of pinned layer 38 are both 
preferably in the range of about 15 A to about 40 A, and 

more preferably in the range of about 20 A to about 30 The thickness of coupling layer 48 of pinned layer 38 is 

preferably in the range of about 8 A to about 12 
The composition of pinning layer 40 When PtMnCr is 

used is preferably in the range of about Pt(36)Mn(64)Cr(>0) 
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6 
to about Pt(48)Mn(51)Cr(1), and more preferably approxi 
mately Pt(44)Mn(55.5)Cr(0.5). The thickness of pinning 
layer 40 in this case is preferably in the range of about 100 
A to about 300 A, and more preferably approximately 200 
A. The composition of pinning layer 40 When PtMnPd is 
used is preferably in the range of about Pt(15)Mn(50)Pd(35) 
to about Pt(25)Mn(50)Pd(25), and more preferably approxi 
mately Pt(20)Mn(50)Pd(30). The thickness of pinning layer 
40 in this case is preferably in the range of about 150 A to 
about 300 A, and more preferably approximately 250 A. 

FIG. 3 is a layer diagram of a third embodiment of a GMR 
stack 60 of the present invention, Where GMR stack 60 is 
con?gured as a bottom spin valve. GMR stack 60 includes 
a seed layer 62, a pinning layer 64, a pinned layer 66, a 
spacer layer 68, and a free layer 70. 

Seed layer 62 includes a NiFeCr layer 72 and a NiFe layer 
74. Pinning layer 64 is PtMnX, Where X is selected from the 
group consisting of Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, 
Ni, Co, and Fe, and is positioned adjacent to NiFe layer 74 
of seed layer 62. Pinned layer 66 is a ferromagnetic material, 
preferably CoFe, and is positioned adjacent to pinning layer 
64. Free layer 70 includes a ?rst ferromagnetic layer 76, 
preferably CoFe, and a second ferromagnetic layer 78, 
preferably NiFe. Spacer layer 68 is a nonmagnetic material, 
preferably copper, and is positioned betWeen free layer 70 
and pinned layer 66. 
The magnetiZation of pinned layer 66 is ?xed in a 

predetermined direction While the magnetiZation of free 
layer 70 rotates freely in response to an external magnetic 
?eld emanating from a magnetic medium. The magnetiZa 
tion of pinned layer 66 is pinned by exchange coupling 
pinning layer 64 With pinned layer 66. Pinning layer 64 has 
a blocking temperature of about 380° C. and an annealing 
temperature of about 270° C. The atomic structure of seed 
layer 62 is face-centered cubic (fcc) to promote the [111] 
crystallographic texture and enhance the grain groWth of 
pinning layer 64. The resistance of GMR stack 60 varies as 
a function of an angle that is formed betWeen the magneti 
Zation of free layer 70 and the magnetiZation of pinned layer 
66. 
The composition of NiFeCr layer 72 of seed layer 62 is 

preferably in the range of about Ni(60)Fe(15)Cr(25) to about 
Ni(48)Fe(12)Cr(40), and more preferably approximately 
Ni(48)Fe(12)Cr(40), Where the numbers in parentheses rep 
resent atomic percentage. The thickness of NiFeCr layer 72 
of seed layer 62 is preferably in the range of about 20 A to 
about 60 A, and more preferably in the range of about 45 A 
to about 50 The composition of NiFe layer 74 of seed 
layer 62 is preferably in the range of about Ni(85)Fe(15) to 
about Ni(80.5)Fe(19.5), and more preferably approximately 
Ni(82)Fe(18). The thickness of NiFe layer 74 of seed) layer 
62 is preferably in the range of about 5 A to about 30 A, and 
more preferably approximately 10 
The composition of pinning layer 64 When PtMnCr is 

used is preferably in the range of about Pt(36)Mn(64)Cr(>0) 
to about Pt(48)Mn(51)Cr(1), and more preferably approxi 
mately Pt(44)Mn(55.5)Cr(0.5). The thickness of pinning 
layer 64 in this case is preferably in the range of about 100 
A to about 300 A, and more preferably approximately 200 
A. The composition of pinning layer 64 When PtMnPd is 
used is preferably in the range of about Pt(15)Mn(50)Pd(35) 
to about Pt(25)Mn(50)Pd(25), and more preferably approxi 
mately Pt(20)Mn(50)Pd(30). The thickness of pinning layer 
64 in this case is preferably in the range of about 150 A to 
about 300 A, and more preferably approximately 250 
The composition of pinned layer 66 is preferably approxi 

mately Co(90)Fe(10). The thickness of pinned layer 66 is 
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preferably in the range of about 18A to about 30 A, and 
more preferably approximately 25 A. 

The thickness of spacer layer 68 is preferably in the range 
of about 200A to about 35 A, and more preferably approxi 
mately 29 A. 

The composition of ?rst ferromagnetic layer 76 of free 
layer 70 is preferably approximately Co(90)Fe(10). The 
thickness of ?rst ferromagnetic layer 76 of freeo layer 70 is 
preferably in the range of about 5 A to about 25 A, and more 
preferably approximately 13 The composition of second 
ferromagnetic layer 78 of free layer 70 is preferably in the 
range of about Ni(85)Fe(15) to about Ni(80.5)Fe(19.5), and 
more preferably approximately Ni(82)Fe(18). The thickness 
of second ferromagnetic layer 78 of free layer 70 is prefer 
ably in the range of about 20 A to about 100 A, and more 
preferably approximately 30 

FIG. 4 is a layer diagram of a fourth embodiment of a 
GMR stack 80 of the present invention, Where GMR stack 
80 is con?gured as a dual spin valve. GMR stack 80 includes 
a seed layer 82, a ?rst pinning layer 84, a ?rst pinned layer 
86, a ?rst spacer layer 88, a free layer 90, a second spacer 
layer 92, a second pinned layer 94, and a second pinning 
layer 96. 

Seed layer 82 includes a NiFeCr layer 98 and a NiFe layer 
100. First pinning layer 84 is PtMnX, Where X is selected 
from the group consisting of Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, 
Zr, Hf, Ni, Co, and Fe, and is positioned adjacent to 
ferromagnetic layer 100 of seed layer 82. First pinned layer 
86 is a synthetic antiferromagnet and includes ?rst and 
second ferromagnetic layers 102 and 106, both preferably 
CoFe, and a coupling layer 104, preferably ruthenium, 
positioned betWeen ?rst and second ferromagnetic layers 
102 and 106, and is positioned such that ?rst ferromagnetic 
layer 102 is adjacent to ?rst pinning layer 84. Free layer 90 
is a ferromagnetic material, preferably CoFe. First spacer 
layer 88 is a nonmagnetic material, preferably copper, and is 
positioned betWeen free layer 90 and ?rst pinned layer 86. 
Second pinned layer 94 is a synthetic antiferromagnet and 
includes ?rst and second ferromagnetic layers 108 and 112, 
both preferably CoFe, and a coupling layer 110, preferably 
ruthenium, positioned betWeen ?rst and second ferromag 
netic layers 108 and 112, and is positioned such that second 
ferromagnetic layer 112 is adjacent to second pinning layer 
96. Second pinning layer 96 is PtMnX, Where X is selected 
from the group consisting of Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, 
Zr, Hf, Ni, Co, and Fe. Second spacer layer 92 is a 
nonmagnetic material, preferably copper, and is positioned 
betWeen free layer 90 and second pinned layer 94. 

The magnetiZation of each of ?rst and second pinned 
layers 86 and 94 are ?xed in predetermined directions, 
preferably parallel to each other, While the magnetiZation of 
free layer 90 rotates freely in response to an external 
magnetic ?eld emanating from a magnetic medium. The 
magnetiZation of ?rst pinned layer 86 is pinned by exchange 
coupling ?rst pinning layer 84 With ?rst pinned layer 86. The 
magnetiZation of second pinned layer 94 is pinned by 
exchange coupling second pinning layer 96 With second 
pinned layer 94. Each of ?rst and second pinning layers 84 
and 96 preferably have blocking temperatures of about 380° 
C. and annealing temperatures of about 270° C. The atomic 
structure of seed layer 82 is preferably face-centered cubic 
(fcc) to promote the [111] crystallographic texture and 
enhance the grain groWth of pinning layer 84. The resistance 
of GMR stack 80 varies as a function of the angles that are 
formed betWeen the magnetiZation of free layer 90 and the 
magnetiZations of ?rst and second pinned layers 86 and 94. 
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The composition of NiFeCr layer 98 of seed layer 82 is 

preferably in the range of about Ni(60)Fe(15)Cr(25) to about 
Ni(48)Fe(12)Cr(40), and more preferably approximately 
Ni(48)Fe(12)Cr(40), Where the numbers in parentheses rep 
resent atomic percentage. The thickness of NiFeCr layer 98 
of seed layer 82 is preferably in the range of about 20 A to 
about 60 A, and more preferably in the range of about 45 A 
to about 50 The composition of ferromagnetic layer 100 
of seed layer 82 is preferably in the range of about Ni(85) 
Fe(15) to about Ni(80.5)Fe(19.5), and more preferably 
approximately Ni(82)Fe(18). The thickness of ferromag 
netic layer 100 of seed layer 82 is preferably in the range of 
about 5 A to about 30 A, and more preferably approximately 
10 A. 
The composition of ?rst pinning layer 84 When PtMnCr is 

used is preferably in the range of about Pt(36)Mn(64)Cr(>0) 
to about Pt(48)Mn(51)Cr(1), and more preferably approxi 
mately Pt(44)Mn(55.5)Cr(0.5). The thickness of ?rst pin 
ning layer 84 in this case is preferably in the range of about 
80 A to about 150 A, and more preferably approximately 
100 The composition of ?rst pinning layer 84 When 
PtMnPd is used is preferably in the range of about Pt(15) 
Mn(50)Pd(35) to about Pt(25)Mn(50)Pd(25), and more pref 
erably approximately Pt(20)Mn(50)Pd(30). The thickness of 
?rst pinning layer 84 in this case is preferably in the range 
of about 80 A to about 150 A, and more preferably approxi 
mately 100 
The compositions of ?rst and second ferromagnetic layers 

102 and 106 of ?rst pinned layer 86 are both preferably 
approximately Co(90)Fe(10). The thicknesses of ?rst and 
second ferromagnetic layers 102 and 106 of ?rst pinned 
layer 86 are both preferably in the range of about 15 A to 
about 40 A, and more preferably approximately 20 A. The 
thickness of coupling layer 104 of ?rst pinned layer 86 is 
preferably in the range of about 8 A to about 12 

The thickness of ?rst spacer layer 88 is preferably in the 
range of about 20 A to about 35 A, and more preferably 
approximately 29 
The composition of free layer 90 is preferably approxi 

mately Co(90)Fe(10). The thickness of free layer 90 is 
preferably in the range of about 20 A to about 60 A, and 
more preferably approximately 30 
The thickness of second spacer layer 92 is preferably in 

the range of about 20 A to about 35 A, and more preferably 
approximately 29 
The compositions of ?rst and second ferromagnetic layers 

108 and 112 of second pinned layer 94 are both preferably 
approximately Co(90)Fe(10). The thicknesses of ?rst and 
second ferromagnetic layers 108 and 112 of second pinned 
layer 94 are both preferably in the range of about 15 A to 
about 40 A, and more preferably approximately 20 The 
thickness of coupling layer 110 of second pinned layer 94 is 
preferably in the range of about 8 A to about 12 A. 
The composition of second pinning layer 96 When 

PtMnCr is used is preferably in the range of about Pt(36) 
Mn(64)Cr(>0) to about Pt(48) Mn(51)Cr(1), and more pref 
erably approximately Pt(44)Mn(55.5)Cr(0.5). The thickness 
of second pinning layer 96 in this case is preferably in the 
range of about 80 A to about 150 A, and more preferably 
approximately 100 The composition of second pinning 
layer 96 When PtMnPd is used is preferably in the range of 
about Pt(15)Mn(50)Pd(35) to about Pt(25)Mn(50)Pd(25), 
and more preferably approximately Pt(20)Mn(50)Pd(30). 
The thickness of second pinning layer 96 in this case is 
preferably in the range of about 80 A to about 150 A, and 
more preferably approximately 100 



US 6,490,140 B1 
9 

FIG. 5 is a layer diagram of a ?fth embodiment of a GMR 
stack 120 of the present invention, Where GMR stack 120 is 
con?gured as a dual spin valve. GMR stack 120 includes a 
seed layer 122, a ?rst pinning layer 124, a ?rst pinned layer 
126, a ?rst spacer layer 128, a free layer 130, a second spacer 
layer 132, a second pinned layer 134, and a second pinning 
layer 136. GMR stack 120 is similar to GMR stack 80 of 
FIG. 4, except that free layer 130 of GMR stack 120 is a 
trilayer, While free layer 90 of GMR stack 80 is a single 
ferromagnetic layer. 

Seed layer 122 includes a NiFeCr layer 138 and ferro 
magnetic layer 140, preferably NiFe. First pinning layer 124 
is PtMnX, Where X is selected from the group consisting of 
Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, Ni, Co, and Fe, and 
is positioned adjacent to ferromagnetic layer 140 of seed 
layer 122. First pinned layer 126 is a synthetic antiferro 
magnet and includes ?rst and second ferromagnetic layers 
142 and 146, both preferably CoFe, and a coupling layer 
144, preferably ruthenium, positioned betWeen ?rst and 
second ferromagnetic layers 142 and 146, and is positioned 
such that ?rst ferromagnetic layer 142 is adjacent to ?rst 
pinning layer 124. Free layer 130 includes ?rst and second 
ferromagnetic layers 148 and 152, both preferably CoFe, 
and a third ferromagnetic layer 150, preferably NiFe, posi 
tioned betWeen ?rst and second ferromagnetic layers 148 
and 152. First spacer layer 128 is a nonmagnetic material, 
preferably copper, and is positioned betWeen free layer 130 
and ?rst pinned layer 126. Second pinned layer 134 is a 
synthetic antiferromagnet and includes ?rst and second 
ferromagnetic layers 154 and 158, both preferably CoFe, 
and a coupling layer 156, preferably ruthenium, positioned 
betWeen ?rst and second ferromagnetic layers 154 and 158, 
and is positioned such that second ferromagnetic layer 158 
is adjacent to second pinning layer 136. Second pinning 
layer 136 is PtMnX, Where X is selected from the group 
consisting of Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, Ni, Co, 
and Fe. Second spacer layer 132 is a nonmagnetic material, 
preferably copper, and is positioned betWeen free layer 130 
and second pinned layer 134. 

The magnetiZation of each of ?rst and second pinned 
layers 126 and 134 are ?xed in predetermined directions, 
preferably parallel to each other, While the magnetiZation of 
free layer 130 rotates freely in response to an external 
magnetic ?eld emanating from a magnetic medium. The 
magnetiZation of ?rst pinned layer 126 is pinned by 
exchange coupling ?rst pinning layer 124 With ?rst pinned 
layer 126. The magnetiZation of second pinned layer 134 is 
pinned by exchange coupling second pinning layer 136 With 
second pinned layer 134. Each of ?rst and second pinning 
layers 124 and 136 preferably have blocking temperatures of 
about 380° C. and annealing temperatures of about 270° C. 
The atomic structure of seed layer 122 is preferably face 
centered cubic (fcc) to promote the [111] crystallographic 
texture and enhance the grain groWth of pinning layer 124. 
The resistance of GMR stack 120 varies as a function of the 
angles that are formed betWeen the magnetiZation of free 
layer 130 and the magnetiZations of ?rst and second pinned 
layers 126 and 134. 

The composition of NiFeCr layer 138 of seed layer 122 is 
preferably in the range of about Ni(60)Fe(15)Cr(25) to about 
Ni(48)Fe(12)Cr(40), and more preferably approximately 
Ni(48)Fe(12)Cr(40), Where the numbers in parentheses rep 
resent atomic percentage. The thickness of NiFeCr layer 138 
of seed layer 122 is preferably in the range of about 20 A to 
about 60 A, and more preferably in the range of about 45 A 
to about 50 The composition of ferromagnetic layer 140 
of seed layer 122 is preferably in the range of about 
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Ni(85)Fe(15) to about Ni(80.5)Fe(19.5), and more prefer 
ably approximately Ni(82)Fe(18). The thickness of ferro 
magnetic layer 140 of seed layer 122 is preferably in the 
range of about 5 A to about 30 A, and more preferably 
approximately 10 
The composition of ?rst pinning layer 124 When PtMnCr 

is used is preferably in the range of about Pt(36)Mn(64)Cr 
(>0) to about Pt(48)Mn(51)Cr(1), and more preferably 
approximately Pt(44)Mn(55.5)Cr(0.5). The thickness of ?rst 
pinning la er 124 in this case is preferably in the range of 
about 80 A to about 150 A, and more preferably approxi 
mately 100 The composition of ?rst pinning layer 124 
When PtMnPd is used is preferably in the range of about 
Pt(15)Mn(50)Pd(35) to about Pt(25)Mn(50)Pd(25), and 
more preferably approximately Pt(20)Mn(50)Pd(30). The 
thickness of ?rst pinning layer 124 in this case is preferably 
in the range of about 80 A to about 150 A, and more 
preferably approximately 100 

The compositions of ?rst and second ferromagnetic layers 
142 and 146 of ?rst pinned layer 126 are both preferably 
approximately Co(90)Fe(10). The thicknesses of ?rst and 
second ferromagnetic layers 142 and 146 of ?rst pinned 
layer 126 are both preferably in the range of about 15 A to 
about 40 A, and more preferably approximately 20 The 
thickness of coupling layer 144 of ?rst pinned layer 126 is 
preferably in the range of about 8 A to about 12 

The thickness of ?rst spacer layer 128 is preferably in the 
range of about 20 A to about 35 A, and more preferably 
approximately 29 
The compositions of ?rst and second ferromagnetic layers 

148 and 152 of free layer 130 are both preferably approxi 
mately Co(90)Fe(10). The thicknesses of ?rst and second 
ferromagnetic layers 148 and 152 of free layer 130 are both 
preferably in the range of about 13 A to about 20 The 
composition of third ferromagnetic layer 150 of free layer 
130 is preferably in the range of about Ni(85)Fe(15) to about 
Ni(80.5)Fe(19.5), and more preferably approximately 
Ni(82)Fe(18). The thickness of third ferromagnetic layer 
150 of free layer 130 is preferably in the range of about 10 
A to about 40 

The thickness of second spacer layer 132 is preferably in 
the range of about 20 A to about 35 A, and more preferably 
approximately 29 
The compositions of ?rst and second ferromagnetic layers 

154 and 158 of second pinned layer 134 are both preferably 
approximately Co(90)Fe(10). The thicknesses of ?rst and 
second ferromagnetic layers 154 and 158 of second pinned 
layer 134 are both preferably in the range of about 15 A to 
about 40 A, and more preferably approximately 20 The 
thickness of coupling layer 156 of second pinned layer 134 
is preferably in the range of about 8 A to about 12 
The composition of second pinning layer 136 When 

PtMnCr is used is preferably in the range of about Pt(36) 
Mn(64)Cr(>0) to about Pt(48)Mn(51)Cr(1), and more pref 
erably approximately Pt(44)Mn(55.5)Cr(0.5). The thickness 
of second pinning layer 136 in this case is preferably in the 
range of about 80 A to about 150 A, and more preferably 
approximately 100 The composition of second pinning 
layer 136 When PtMnPd is used is preferably in the range of 
about Pt(15)Mn(50)Pd(35) to about Pt(25)Mn(50)Pd(25), 
and more preferably approximately Pt(20)Mn(50)Pd(30). 
The thickness of second pinning layer 136 in this case is 
preferably in the range of about 80 A to about 150 A, and 
more preferably approximately 100 

FIG. 6 is a graph of the exchange coupling ?eld (Oe) of 
a PtMn pinned GMR stack as a function of temperature (° 
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C.). The blocking temperature of the PtMn pinning layer is 
the temperature at Which the exchange coupling ?eld 
becomes 0 Oe. Accordingly, the graph shoWs a blocking 
temperature of 380° C. 

FIG. 7 is a graph of the exchange coupling ?eld (Oe) of 
GMR stack 10 of the present invention as a function of the 
thickness of the pinning layer at a temperature of 270° 
C. The graph illustrates that an annealing temperature of 
270° C. is suf?cient to pin pinned layer 18. 

FIG. 8 is a graph of the GMR response of GMR stack 30 
of the present invention. The graph shoWs the GMR ratio 
(the maximum absolute change in resistance of the GMR 
read sensor divided by the resistance of the GMR read 
sensor multiplied by 100%) of stack 30 as a function of an 
applied magnetic ?eld (Oe). The GMR ratio of GMR stack 
30 is about 10.3%. 

FIG. 9 is a graph of the GMR response of GMR stack 60 
of the present invention. The graph shoWs the GMR ratio of 
stack 60 as a function of an applied magnetic ?eld (Oe). The 
GMR ratio of GMR stack 60 is about 13.0%. 

FIG. 10 is a graph of the GMR response of GMR stack 
120 of the present invention. The graph shoWs the GMR 
ratio of stack 120 as a function of an applied magnetic ?eld 
(Oe). The GMR ratio of GMR stack 120 is about 16.2%. 

In summary, the present invention introduces a GMR read 
sensor With a NiFeCr seed layer and a PtMnX pinning layer, 
Where X is selected from the group consisting of Cr, Pd, Nb, 
Re, Rh, Ta, Ru, Os, Zr, Hf, Ni, Co, and Fe. The pinning layer 
has a high blocking temperature of about 380° C. to prevent 
the exchange coupling from disappearing. Also, the pinning 
layer has a loW annealing temperature of about 270° C. to 
control magnetic behavior and prevent diffusion betWeen 
thin layers in the GMR read sensor during manufacturing. In 
addition, the seed layer/pinning layer combination produces 
a high pinning strength. The resulting GMR read sensor can 
produce a high GMR ratio of about 16.2%. 

Although the present invention has been described With 
reference to preferred embodiments, Workers skilled in the 
art Will recogniZe that changes may be made in form and 
detail Without departing from the spirit and scope of the 
invention. 
What is claimed is: 
1. A read sensor for use in a magnetic read head, the read 

sensor comprising: 

a giant magnetoresistive stack having a ferromagnetic 
pinned layer and a seed layer; and 

means for providing a high pinning strength exchange 
coupling ?eld to pin the pinned layer While having a 
high blocking temperature and a loW annealing 
temperature, Wherein the means includes a NiFeCr seed 
layer and a PtMnX pinning layer, Where the X in the 
PtMnX pinning layer is selected from the group con 
sisting of Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, Ni, Co, 
and Fe, and Wherein the atomic percentage of nickel in 
the NiFeCr seed layer is about 48, the atomic percent 
age of iron in the NiFeCr seed layer is about 12 and the 
atomic percentage of chromium in the NiFeCr seed 
layer is about 40. 

2. A read sensor for use in a magnetic read head, the read 
sensor comprising: 

a giant magnetoresistive stack having a ferromagnetic 
pinned layer and a seed layer; and 

means for providing a high pinning strength exchange 
coupling ?eld to pin the pinned layer While having a 
high blocking temperature and a loW annealing 
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temperature, Wherein the means includes a NiFeCr seed 
layer and a PtMnCr pinning layer, and Wherein the 
atomic percentage of platinum in the PtMnCr pinning 
layer is in the range of about 36 to about 48, the atomic 
percentage of manganese in the PtMnCr pinning layer 
is in the range of about 51 to about 64 and the atomic 
percentage of chromium in the PtMnCr pinning layer is 
in the range of greater than 0 to about 1. 

3. The read sensor of claim 2 Wherein the atomic per 
centage of platinum in the PtMnCr pinning layer is about 44, 
the atomic percentage of manganese in the PtMnCr pinning 
layer is about 55.5 and the atomic percentage of chromium 
in the PtMnCr pinning layer is about 0.5. 

4. A read sensor for use in a magnetic read head, the read 
sensor comprising: 

a giant magnetoresistive stack having a ferromagnetic 
pinned layer and a seed layer; and 

means for providing a high pinning strength exchange 
coupling ?eld to pin the pinned layer While having a 
high blocking temperature and a loW annealing 
temperature, Wherein the means includes a NiFeCr seed 
layer and a PtMnPd pinning layer, and Wherein the 
atomic percentage of platinum in the PtMnPd pinning 
layer is in the range of about 15 to about 25, the atomic 
percentage of manganese in the PtMnPd pinning layer 
is about 50 and the atomic percentage of palladium in 
the PtMnPd pinning layer is in the range of about 25 to 
about 35. 

5. The read sensor of claim 4 Wherein the atomic per 
centage of platinum in the PtMnPd pinning layer is about 20, 
the atomic percentage of manganese in the PtMnPd pinning 
layer is about 50 and the atomic percentage of palladium in 
the PtMnPd pinning layer is about 30. 

6. A giant magnetoresistive stack for use in a magnetic 
read head, the giant magnetoresistive stack comprising: 

a ferromagnetic free layer having a rotatable magnetic 
moment; 

a ?rst ferromagnetic pinned layer having a ?xed magnetic 
moment, Wherein the ?rst pinned layer is a synthetic 
antiferromagnet; 

a ?rst nonmagnetic spacer layer positioned betWeen the 
free layer and the ?rst pinned layer; 

a ?rst PtMnX pinning layer positioned adjacent the ?rst 
pinned layer such that the ?rst pinned layer is posi 
tioned betWeen the ?rst spacer layer and the ?rst 
PtMnX pinning layer, Wherein the X in the PtMnX 
pinning layer is selected from the group consisting of 
Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, Ni, Co, and Fe; 
and 

a NiFeCr seed layer. 
7. The giant magnetoresistive stack of claim 6 Wherein the 

synthetic antiferromagnet comprises: 
a ?rst CoFe layer; 

a second CoFe layer; and 

a ruthenium layer positioned betWeen the ?rst and second 
CoFe layers. 

8. The giant magnetoresistive stack of claim 6 Wherein the 
NiFeCr seed layer is positioned adjacent the free layer such 
that the free layer is positioned betWeen the NiFeCr seed 
layer and the ?rst spacer layer. 

9. The giant magnetoresistive stack of claim 6 Wherein the 
NiFeCr seed layer is positioned adjacent the ?rst PtMnX 
pinning layer such that the ?rst PtMnX pinning layer is 
positioned betWeen the NiFeCr seed layer and the ?rst 
pinned layer. 
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10. The giant magnetoresistive stack of claim 6 wherein 
the free layer is a bilayer comprising: 

a NiFe layer; and 

a CoFe layer positioned adjacent to the ?rst spacer layer. 
11. A giant magnetoresistive stack for use in a magnetic 

read head, the giant magnetoresistive stack comprising: 
a ferromagnetic free layer having a rotatable magnetic 
moment; 

a ?rst ferromagnetic pinned layer having a ?xed magnetic 
moment; 

a ?rst nonmagnetic spacer layer positioned betWeen the 
free layer and the ?rst pinned layer; 

a ?rst PtMnX pinning layer positioned adjacent the ?rst 
pinned layer such that the ?rst pinned layer is posi 
tioned betWeen the ?rst spacer layer and the ?rst 
PtMnX pinning layer, Wherein the X in the PtMnX 
pinning layer is selected from the group consisting of 
Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, Ni, Co, and Fe; 

a NiFeCr seed layer positioned such that the ?rst PtMnX 
pinning layer is positioned betWeen the NiFeCr seed 
layer and the ?rst pinned layer; and 

a NiFe seed layer positioned betWeen the NiFeCr seed 
layer and the ?rst PtMnX pinning layer. 

12. A giant magnetoresistive stack for use in a magnetic 
read head, the giant magnetoresistive stack comprising: 

a ferromagnetic free layer having a rotatable magnetic 
moment; 

a ?rst ferromagnetic pinned layer having a ?Xed magnetic 
moment; 

a ?rst nonmagnetic spacer layer positioned betWeen the 
free layer and the ?rst pinned layer; 

a ?rst PtMnX pinning layer positioned adjacent the ?rst 
pinned layer such that the ?rst pinned layer is posi 
tioned betWeen the ?rst spacer layer and the ?rst 
PtMnX pinning layer, Wherein the X in the PtMnX 
pinning layer is selected from the group consisting of 
Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, Ni, Co, and Fe; 

a NiFeCr seed layer positioned adjacent the ?rst PtMnX 
pinning layer such that the ?rst PtMnX pinning layer is 
positioned betWeen the NiFeCr seed layer and the ?rst 
pinned layer; 

a second ferromagnetic pinned layer having a ?Xed mag 
netic moment; 

a second nonmagnetic spacer layer positioned betWeen 
the free layer and the second pinned layer; and 

a second PtMnX pinning layer positioned adjacent the 
second pinned layer such that the second pinned layer 
is positioned betWeen the second spacer layer and the 
second PtMnX pinning layer, Wherein the X in the 
second PtMnX pinning layer is selected from the group 
consisting of Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, Ni, 
Co, and Fe. 

13. The giant magnetoresistive stack of claim 12 Wherein 
the second pinned layer is a synthetic antiferromagnet. 

14. The giant magnetoresistive stack of claim 13 Wherein 
the synthetic antiferromagnet comprises: 

a ?rst CoFe layer; 

a second CoFe layer; and 

a ruthenium layer positioned betWeen the ?rst and second 
CoFe layers. 

15. The giant magnetoresistive stack of claim 12 Wherein 
the free layer is a trilayer comprising: 

a ?rst CoFe layer; 

14 
a second CoFe layer; and 

a NiFe layer positioned betWeen the ?rst and second CoFe 
layers. 

16. A giant magnetoresistive stack for use in a magnetic 
5 read head, the giant magnetoresistive stack comprising: 

a ferromagnetic free layer having a rotatable magnetic 
moment; 

a ?rst ferromagnetic pinned layer having a ?Xed magnetic 
1O moment, 

a ?rst nonmagnetic spacer layer positioned betWeen the 
free layer and the ?rst pinned layer; 

a ?rst PtnX pinning layer positioned adjacent the ?rst 
pinned layer such that the ?rst pinned layer is posi 
tioned betWeen the ?rst spacer layer and the ?rst 
PtMnX pinning layer, Wherein the X in the PtMnX 
pinning layer is selected from the group consisting of 
Cr, Pd, Nb, Re, Rh, Ta, Ru, Os, Zr, Hf, Ni, Co, and Fe; 
and 

15 

20 a NiFeCr seed layer, Wherein the atomic percentage of 
nickel in the NiFeCr seed layer is in the range of about 
48 to about 60, the atomic percentage of iron in the 
NiFeCr seed layer is in the range of about 12 to about 
15 and the atomic percentage of chromium in the 
NiFeCr seed layer is about 40. 

17. The giant magnetoresistive stack of claim 16 Wherein 
the atomic percentage of nickel in the NiFeCr seed layer is 
about 48, the atomic percentage of iron in the NiFeCr seed 
layer is about 12 and the atomic percentage of chromium in 
the NiFeCr seed layer is about 40. 

18. A giant magnetoresistive stack for use in a magnetic 
read head, the giant magnetoresistive stack comprising: 

25 

30 

a ferromagnetic free layer having a rotatable magnetic 
moment; 

a ?rst ferromagnetic pinned layer having a ?Xed magnetic 
moment; 

a ?rst nonmagnetic spacer layer positioned betWeen the 
free layer and the ?rst pinned layer; 

40 a PtMnCr pinning layer positioned adjacent the ?rst 
pinned layer such that the ?rst pinned layer is posi 
tioned betWeen the ?rst spacer layer and the PtMnCr 
pinning layer, Wherein the atomic percentage of plati 
num in the PtMnCr pinning layer is in the range of 
about 36 to about 48, the atomic percentage of man 
ganese in the PtMnCr pinning layer is in the range of 
about 51 to about 64 and the atomic percentage of 
chromium in the PtMnCr pinning layer is in the range 
of greater than 0 to about 1; and 

45 

50 a NiFeCr seed layer. 
19. The giant magnetoresistive stack of claim 18 Wherein 

the atomic percentage of platinum in the PtMnCr pinning 
layer is about 44, the atomic percentage of manganese in the 
PtMnCr pinning layer is about 55.5 and the atomic percent 
age of chromium in the PtMnCr pinning layer is about 0.5. 

20. A giant magnetoresistive stack for use in a magnetic 
read head, the giant magnetoresistive stack comprising: 

55 

a ferromagnetic free layer having a rotatable magnetic 
6O moment; 

a ferromagnetic pinned layer having a ?Xed magnetic 
moment; 

a nonmagnetic spacer layer positioned betWeen the free 
layer and the pinned layer; 

a PtMnPd pinning layer positioned adjacent the pinned 
layer such that the pinned layer is positioned betWeen 
the spacer layer and the PtMnPd pinning layer, Wherein 
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the atomic percentage of platinum in the PtMnPd 
pinning layer is in the range of about 15 to about 25, the 
atomic percentage of manganese in the PtMnPd pin 
ning layer is about 50 and the atomic percentage of 
palladium in the PtMnPd pinning layer is in the range 
of about 25 to about 35; and 

a NiFeCr seed layer. 

5 

16 
21. The giant magnetoresistive stack of claim 20 Wherein 

the atomic percentage of platinum in the PtMnPd pinning 
layer is about 20, the atomic percentage of manganese in the 
PtMnPd pinning layer is about 50 and the atomic percentage 
of palladium in the PtMnPd pinning layer is about 30. 

* * * * * 


